
OFFICE OF NAVAL RESEARCH

Contract N00014-87-J-1 118

nrMAR 19 990 R & T Code 4133016

D . Technical Report No. 11

CY) Modes of Attachment of Pyridine to Gold Surfaces
'm-

aby

L. Stolberg, S. Morin, J. Lipkowski and D.E. Irish

JPrepared for Presentaticn

at

The Spring Meeting, The Electrochemical Society, Montreal, May 6-11, 1990

Guelph-Waterloo Center for Graduate Work in Chemistry
Waterloo, Campus

Department of Chemistry
University of Waterloo

Waterloo, Ontario
Canada, N2L 3G1

March 8, 1990

Reproduction in whole or in part is permitted for
any purpose of the United States Government

*This document has been approved for public release

and sale; its distribution is unlimited.



SECURITY CLASSFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE
Ia. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS

Unclassified
2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT

Unclassified
2b DECLASSIFICATION i DOWNGRADING SCHEDULE Publ ic Release/Unlimited

4- PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

ONR Technical Report #I1

6 NAME ?F PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
. E. Kish (If applicable)

University of Waterloo_ Office of Naval Research

k. ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State. and ZIP Code)
Department of Chemistry The Ohio State University, Research Center

University of Waterloo 1314 Kinnear Road, Room 318

Waterloo, Ontario, Canada, N2L 3GI Columbus, Ohio, U.S.A., 43212-1194

Ba NAME OF FUNDING /SPONSORING IBb. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (ff applicable)

Office of Naval Research N00014-87-J-1!18

kc ADDRESS (Ciy, State, a" ZIP Code) 10 SOURCE OF FUNDING NUMBERS

Chemistry Division PROGRAM PROJECT TASK WORK UNIT
800 N. Quincy Street ELEMENT NO NO. NO CCESSION NO

Arlington, VA, U.S.A., 22217-5000

11. TITLE (include Security Classification)

Modes of Attachment of Pyridine to Gold Surfaces

12 PERSONAL AUTHOR(S)
L. Stolberg, S. Morin, J. Lipkowski and D.E. Irish

13&. TYPE. OF REPIORT 13b TIME COVERED 114 DATE OF REPORT (YearMonth, Day) lS PAGE COUNT
Technical FROM8 TO 03/90 1990-03-08 2

16. SUPPLEMENTARY NOTATION

The Spring Meeting, The Electrochemical Society, Montre-l, May 6-11, 1990

17. COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD I GROUP I SUB-GROUP iPyridine adsorption; Au (100); Au (110); Au (Ill);

polycrystalline; energetics; orientation €'

19. ABSTRACT (Continue on reverse if necessary and identify by bWk number)

The adsorption of pyridine onto both polycrystalline and single crystal gold electrode

surfaces has been investigated using three electrochemical techniques: cyclic voltammetry,

differential capacity and chronocoulometry. The surface concentration of pyridine, the

Gibbs energy of adsorption, the electrosorption valency and the orientation of the

pyridine molecules on the gold electrode surfaces, have been measured. All of these

parameters were found to be sensitive to the structure of the gold electrode surface..

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

CUNCLASSIFIEDUNLIMITED 03 SAME AS RPT. O3 DTIC USERS Unclassified

22a NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Incl!ude Area Code) 22c. OFFICE SYMBOL

Dr. Robert J. Nowak , (519 385-1211. e)t. 2j 0

b.-:"M 1473,e4 MAR SI APR edition may be umwd until exhausted. SECURITY CLASSIFICATION OF T1I4$ PAGE
All other editons a obsolete. Unclassified



DL/1113/89/1

TECHNICAL REPORT DISTRIBUTION LIST, GENERAL

No. No.
Copies Copies

Office of Naval Research 3 Dr. Ronald L. Atkins
Chemistry Division, Code 1113 Chemistry Division (Code 385)
800 North Quincy Street Naval Weapons Center
Arlington, VA 22217-5000 China Lake, CA 93555-6001

Commanding Officer 1 Chief of Naval Research
Naval Weapons Support Center Special Assistant
Attn: Dr. Bernard E. Douda for Marine Corps Matters
Crane, IN 47522-5050 Code 00MC

800 North Quincy Street
Dr. Richard W. Drisko 1 Arlington, VA 22217-5000
Naval Civil Engineering Laboratory
Code L52 Dr. Bernadette Eichinger
Port Hueneme, California 93043 Naval Ship Systems

Engineering Station
Defense Technical Information Center 2 Code 053
Building 5, Cameron Station high Philadelphia Naval Base
Alexandria, Virginia 22314 quality Philadelphia, PA 19112

David Taylor Research Center Dr. Sachio Tamamoto
Dr. Eugene C. Fischer Naval Ocean Systems Center
Annapolis, ND 21402-5067 Code 52

San Diego, CA 92152-5000
Dr. James S. Murday 1
Chemistry Division, Code 6100 David Taylor Research Center
Naval Research Laboratory Dr. Harold I. Singerman
Washington, D.C. 20375-5000 Annapolis, MD 21402-5067

ATTN: Code .283

r\h

By __

. . . . . . . .........

-.

;3, j ] i

4 ,,c , _ _:.,



Modes of Attachment of Pyridine to Gold Surfaces

L. StolbergI , S. Morin I . J. Lipkowskil and D.E. Irish 2

Guelph-Waterloo Center for Graduate Work in Chemistry

IGuelph Campus
University of Guelph

Department of Chemistry and Biochemistry
Guelph, Ontario

Canada N1G 2W1

2 Waterloo Campus

University of Waterloo
Department of Chemistry

Waterloo, Ontario
Canada N2L 3G1

Introduction

This work is part of a project which is devoted to studying
the influence of crystallographic orientation of gold electrodes on
the adsorption of pyridine from aqueous electrolyte solutions. We
are trying to determine how the orientation of the adsorbed
pyridine molecule and the energetics of its adsorption are
governed by the geometry and density of coordination centres
present at the electrode surface. Data are presented for the
adsorption of pyridine onto polycrystalline gold, Au(100), Au(1 10)
and Au(l 11).

Previously, Hamelin and Valette (1) investigated pyridine
adsorption on gold single crystal electrode surfaces using
differential capacity. These works have provided qualitative
information on pyridine adsorption and have shown that there is
a strong influence of the surface morphology on the adsorption
process. We have extended this work by obtaining quantitative
data using an electrochemical technique known as
chronocoulometry. Adsorption isotherms. Gibbs energies of
adsorption, electrosorption valencies and the orientation of the
pyridine molecules on the various gold electrode surfaces have
been determined and will be discussed.

Results and Discussion

Pyridine adsorption studies on Au(100) have shown, that,
over the potential region -0.8 V to +0.6 V (SCE) three orientations
of the pyridine molecules are possible. At a positively charged
surface, the pyridine molecules assume a vertical orientation with
the nitrogen atom facing the gold surface. A limiting surface
concentration of 6 A 10 -10 r'ol cm -2 was determined for this
orientation. At a negatively charged surface and at k,'w surface
concentrations (r < 1 x 10-10 mol cm-2 ) the pyridine molecules
adsorb flat with the aromatic ring oriented parallel to the surface.
At intermediate surface coverages (3 x 10-1o mol cm -2 > r > 1 x
10-10 mol cm"2) and for potentials close to zero charge, a third
orientation, presumably intermediate between the flat and the
vertical orientations, was observed. Evidence for these latter two
orientations has come our film pressure data as well as from an
analysis of the potential drop across the inner layer region of the
double layer. Reorientation betwcen the intermediate orientation
and the vertical orientation is the result of a phase transition.



For pyridine adsorbed onto a Au(1 10) single crystal
electrode surface the surface concentration-potential curves also
displayed a region characterized by a well defined plateau. The
value of the limiting surface concentration was 6.14 x 10-10 mol
cm-2 indicating that the pyridine molecules were oriented on the
Au(1 10) surface in the vertical position. From the shift of the
potential of zero charge we were able to infer that the nitrogen
atom of the pyridine molecule must be facing the gold surface.

Pyridine adsorption onto Au(1 11) is a very interesting
case. Here we see clear evidence for the flat orientation which
occurs on a negatively charged electrode surface. The flat
orientation is characterized by a limiting surface concentration of
1.4 x 10-10 mol cm-2 . Close to the potential of zero charge the
pyridine molecules undergo a reorientation and assume the
vertical position. This reorientation, like on Au(100). is the
consequence of a phase transition. The value of the limiting
surface concentration corresponding to the vertical orientation
was found to be 6.73 x 10-10 mol cm-2 ,

For pyridine adsorbed onto a polycrystalline gold electrode
surface we will show that pyridine adsorption can best be
described in terms of the adsorption onto diffi.rent single crystal
microfacets which make up the polycrystalline surface.

In general, the Gibbs energy of adsorption for all the gold
electrodes discussed above has been found to reach maximum
values as high as -35 to -38 KJ mol"1 . These are quite large
values and suggest that the interactions between the various gold
surfaces and the pyridine molecules are quite strong. From the
electrosorption valencies, whose absolute values are large, one
can infer that the pyridine molecules are chemisorbed.

Conclusions

The above results indicate that the orientation and
energetics of pyridine adsorption onto gold electrode surfaces is
influenced greatly by the crystallographic orientation of the gold
surface.
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